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ABSTRACT 

INTRODUCTION: Kennedy Space  Center  (KSC) employees a r e  r e p o r t e d  
t o  be a t  h i g h  r i s k  f o r  c o r o n a r y  hear t  disease ( C H D ) .  R i s k  f a c t o r s  
f o r  CHD i n c l u d e  h i g h  serum t o t a l  c h o l e s t e r o l  l e v e l s ,  low l e v e l s  o f  
h i g h - d e n s i t y  l i p o p r o t e i n  c h o l e s t e r o l  ( H D L C ) ,  e l e v a t e d  t r i g l y c e r i d e  
v a l u e s ,  c i g a r e t t e  smoking,  p h y s i c a l  i n a c t i v i t y ,  h i g h  b l o o d  
p r e s s u r e ,  b e i n g  male, and b e i n g  o l d e r .  H ighe r  d i e t a r y  a n d / o r  
serum calcium may be r e l a t e d  t o  a l o w e r  r i s k  f o r  CHD. We 
e v a l u a t e d  these r i s k  f a c t o r s  f o r  CHD i n  a c o h o r t  of' KSC employees  
and examined t h e i r  r e l a t i o n s h i p s  w i t h  serum i o n i z e d  c a l c i u m  (Ca++) 
l e v e l s .  METHODS. F i f t y  men and 37 women p a r t i c i p a t e d .  S u b j e c t s  
were t e s t e d  i n  t h e  morning  a f t e r  f a s t i n g  1 2  h o u r s .  I n f o r m a t i o n  
r e l a t i v e  t o  smoking and  e x e r c i s e  h a b i t s  w a s  o b t a i n e d ;  s e a t e d  b l o o d  
p r e s s u r e s  were measured;  and 24 m l  o f  b lood  were drawn.  RESULTS. 
KSC men had h i g h e r  r i s k  v a l u e s  t h a n  KSC women as re la ted  t o  HDLC 
(men 39.2 mg/dl ;  women 60.1 m g / d l ) ,  t r i g l y c e r i d e s  (men 121.0 
mg/dl ;  women 80.2 m g / d l ) ,  s y s t o l i c  b l o o d  p r e s s u r e  (men 119 mmHg;  
women 109 mmHg), and d i a s t o l i c  b lood  p r e s s u r e  (men 81.5 mmHg; 
women, 74.2 m m H g ) .  Smoking and non-smoking groups d i d  n o t  d i f f e r  
f o r  o t h e r  r i s k  f a c t o r s  o r  f o r  serum Ca++ l e v e l s .  Exercise  and  
s e d e n t a r y  g r o u p s  d i f f e r e d  i n  t o t a l  c h o l e s t e r o l  and t r i g l y c e r i d e  
l e v e l s .  Sercm C a + +  levels  were re la ted  t o  age, and  t h i s  Ca++/age 
r e l a t i o n s h i p  d i f f e r e d  be tween r e g u l a r l y  e x e r c i s i n g  s u b ' e c t s  and 
s e d e n t a r y  s u b j e c t s .  
i n c r e a s e d  w i t h  i n c r e a s i n g  a g e ;  i n  t h e  e x e r c i s e r s ,  serum Ca*+ 
d e c r e a s e d  w i t h  i n c r e a s i n g  age. T h e s e  r e l a t i o n s h i p s  d i d  n o t  d i f f e r  
be tween t h e  men and t h e  women. CONCLUSION. T h e s e  r e l a t i o n s h i p s  
may be s i g n i f i c a n t  t o  t h e  r i s k  o f  CHD a n d / o r  t h e  r i s k  o f  bone 
d e m i n e r a l i z a t i o n  i n  a n  a g i n g  p o p u l a t i o n .  F u r t h e r  r e s e a r c h  i s  
i n d i c a t e d .  

I n  t h e  s e d e n t a r y  g r o u p ,  serum Ca+' l e v e l s  

i v  



I N T R O D U C T I O N  

Kennedy Space  C e n t e r  (KSC) employees  have been r e p o r t e d  t o  
b e  a t  a greater r i s k  o f  d e v e l o p i n g  hea r t  disease t h a n  t h e  
a v e r a g e  p o p u l a t i o n  ( 2 3 ) .  Thus,  i n f o r m a t i o n  w h i c h  aids i n  
u n d e r s t a n d i n g  t h i s  r i s k  i s  o f  p o t e n t i a l  i m p o r t a n c e  t o  
NASA. Among t h e  r e p o r t e d  f a c t o r s  p r e d i c t i v e  o f  c o r o n a r y  
hea r t  disease ( C H D )  r i s k  i n  t h e  g e n e r a l  p o p u l a t i o n  are h i g h  
serum c h o l e s t e r o l  l e v e l s ,  low l e v e l s  of h i g h - d e n s i t y  
l i p o p r o t e i n  c h o l e s t e r o l  ( H D L C ) ,  e l e v a t e d  t r i g l y c e r i d e  
v a l u e s ,  c i g a r e t t e  smoking, p h y s i c a l  i n a c t i v l t y ,  and h i g h  
b l o o d  p r e s s u r e  ( 2 1 ) .  Men have a greater  r i s k  o f  CHD t h a n  
women, and r i s k  a p p e a r s  t o  i n c r e a s e  w i t h  age ( 1 , 8 , 1 1 ) .  
Recen t  r e p o r t s  s u g g e s t  a r o l e  f o r  c a l c i u m  as a p r o t e c t i v e  
f a c t o r  i n  m o d u l a t i n g  r i s k  of CHD ( 1 , 3 , 1 8 , 1 9 ) .  

C h o l e s t e r o l ,  t r i g l y c e r i d e s ,  and p h o s p h o l i p i d s  are  
c l a s s i f i e d  t o g e t h e r  as l i p i d s .  They are t r a n s p o r t e d  i n  t h e  
b l o o d  by c h y l o m i c r o n s ,  v e r y - l o w - d e n s i t y  l i p o p r o t e i n s  
(VLDL),  l o w - d e n s i t y  l i p o p r o t e i n s  (LDL) ,  h i g h - d e n s i t y  
l i p o p r o t e i n s  ( H D L ) ,  and serum a lbumin .  I n  p e r s o n s  w i t h o u t  
l i p o p r o t e i n  a b n o r m a l i t i e s ,  a p p r o x i m a t e l y  70 p e r c e n t  of 
p lasma c h o l e s t e r o l  i s  t r a n s p o r t e d  b y  LDL; t h u s  t h e  t o t a l  
p lasma c h o l e s t e r o l  l e v e l  l a r g e l y  r e f l e c t s  t h e  LDL 
c h o l e s t e r o l  l e v e l s .  T o t a l  c h o l e s t e r o l  and LDL c h o l e s t e r o l  
are related t o  deve lopment  of CHD. E l e v a t e d  l e v e l s  of 
p l a sma  HDLC, on t h e  o t h e r  hand,  are  a s s o c i a t e d  w i t h  a 
lowered  r i s k  f o r  d e v e l o p i n g  CHD ( 1 3 ) .  Data f rom one s t u d y  
p r o v i d e d  e v i d e n c e  o f  a s t r o n g  n e g a t i v e  a s s o c i a t i o n  o f  HDLC 
l eve l  w i t h  t h e  s u b s e  u e n t  i n c i d e n c e  o f  CHD i n  b o t h  men and 
women o v e r  a g e  50 (I?). 
r e p o r t e d  t h a t  t h e  magn i tude  of t h e  n e g a t i v e  a s s o c i a t i o n  of  
HDLC w i t h  CHD w i t h i n  a wide  r a n g e  of g e o g r a p h i c ,  e t h n i c ,  
social, age, g e n d e r ,  and race g r o u p s  h a s  been found  t o  b e  
as l a rge  a o r  larger t h a n  t h a t  of t h e  o t h e r  known r i s k  
f a c t o r s  ( 2 g ) .  H i g h - d e n s i t y  l i p o p r o t e i n  i s  t h o u g h t  t o  b e  a 
" c h o l e s t e r o l  s cavenge r ' '  w h i c h  i n t e r f e r e s  w i t h  t h e  
a t h e r o s c l e r o t i c  p r o c e s s  b y  removing c h o l e s t e r o l  f rom t h e  
p l a q u e  i n s i d e  t h e  a r t e r i a l  wall and t r a n s p o r t i n g  i t  t o  t h e  
l i v e r ,  where  c h o l e s t e r o l  i s  c o n v e r t e d  t o  b i l e  a c i d s  and  
e x c r e t e d  v i a  t h e  i n t e s t i n e  (11). 

The  American Heart A s s o c i a t i o n  

Cigare t te  smoking i s  a ma jo r  r i s k  f a c t o r  f o r  CHD; however ,  
t h e  mechanisms o f  t h e  d e l e t e r i o u s  e f f e c t s  are  s t i l l  
u n c l e a r .  T h e  i n c r e a s e d  c a r b o n  monoxide i n  b lood  may damage 
t h e  e n d o t h e l i u m  and a c c e l e r a t e  t h e  e n t r y  o f  c h o l e s t e r o l  
i n t o  t h e  w a l l  o f  t h e  a r t e r i e s .  N i c o t i n e  may i n d u c e  c a r d i a c  
a r r h y t h m i a s .  Smoking a l s o  enhances  p l a t e l e t  a g g r e g a t i o n  
( 4 ) .  I n  one s t u d y  o f  c i g a r e t t e  smokers  f rom randomly 
selected fami l ies ,  t h e  smokers  had s i g n i f i c a n t l y  l o w e r  HDLC 
l eve l s  and  h i g h e r  VLDL and plasma t r i g l y c e r i d e  l e v e l s  t h a n  
ex -  and  non-smokers ( 4 ) .  
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A s t u d y  of 15,936 Harvard male a l u m n i  r e v e a l e d  t h a t  l o w e r  
l e v e l s  o f  d a i l y  e n e r g y  e x p e n d i t u r e  were a s s o c i a t e d  w i t h  a n  
i n c r e a s e d  r i s k  o f  c a r d i a c  d e a t h  ( 2 2 ) .  One mechanism o f  
d e c r e a s e d  r i s k  i n  p h y s i c a l l y  a c t i v e  i n d i v i d u a l s  may be 
a c t i v i t y - i n d u c e d  changes  i n  l i p i d s .  T h e  p o s s i b i l i t y  o f  
p r o d u c i n g  a f a v o r a b l e  a l t e r a t i o n  i n  b lood  l i p i d  p r o f i l e s  
t h r o u g h  f o r m a l  e x e r c i s e  programs h a s  been  i n v e s t i g a t e d  i n  
s e v e r a l  s t u d i e s .  I n  one  s t u d y  e x e r c i s e  lowered  t o t a l  
t r i g l y c e r i d e  and t o t a l  c h o l e s t e r o l  l eve ls ,  i n c r e a s e d  HDLC, 
and improved choles te ro l /HDLC r a t i o  ( 2 1 ) .  I n  a n o t h e r  
s t u d y ,  t h r e e  e x e r c i s e  g r o u p s  were compared w i t h  regard t o  
HDLC l e v e l s .  The  g r o u p s  were mara thon  r u n n e r s ,  j o g g e r s ,  
and  i n a c t i v e  men. T h e  researchers s u g g e s t e d  t h a t  
d i f f e r e n c e s  i n  HDLC l e v e l s  were related t o  e x e r c i s e  h a b i t s  
i n s t e a d  o f  d i e t  ( 1 3 ) .  Many s t u d i e s  have v e r i f i e d  t h e  
a d v a n t a g e o u s  e f f e c t  o f  i n c r e a s e d  p h y s i c a l  a c t i v i t y  on 
p lasma l i p o p r o t e i n s  i n  men ( 2 7 ) .  However, a l t e r a t i o n s  
o c c u r  o n l y  a f t e r  a c o n s i d e r a b l e  amount o f  r e g u l a r ,  v i g o r o u s  
exercise ( 1 6 ) .  
t o  improved p h y s i c a l  f i t n e s s  i n  h e a l t h y  women may n o t  be 
a s s o c i a t e d  w i t h  i n c r e m e n t s  i n  HDLC l e v e l s .  I n  two ten-week 
s t u d i e s  of h e a l t h y ,  s e d e n t a r y  women, v a l u e s  of HDLC d i d  n o t  
d i f f e r  a f t e r  a r i g o r o u s  exercise program (9 ,28 ) .  

F u r t h e r m o r e ,  e x e r c i s e  c o n d i t i o n i n g  l e a d i n g  

H y p e r t e n s i o n  i s  one o f  t h e  ma jo r  r i s k  f a c t o r s  o f  CHD.  T h e  
cause o f  h y p e r t e n s i o n  i s  o f t e n  n o t  known, b u t  i t  may be  
a s s o c i a t e d  w i t h  r e n a l  p a t h o l o g y ,  a t h e r o s c l e r o s i s ,  Na+ 
i n t a k e ,  o r  p s y c h o l o g i c a l  s t ress .  H y p e r t e n s i o n  p l a c e s  a 
s t r a i n  on  t h e  heart by r e q u i r i n g  i t  t o  pump b l o o d  a g a i n s t  
a n  i n c r e a s e d  p r e s s u r e ;  t h i s  c o u l d  lead t o  hear t  f a i l u r e .  
H i g h  b lood  p r e s s u r e  may a l s o  c a u s e  r u p t u r e  o f  small b lood  
v e s s e l s .  

Blood c a l c i u m  l e v e l s  may b e  re la ted t o  these r i s k  f a c t o r s .  
F i f t y  p e r c e n t  o f  t o t a l  c a l c i u m  i n  serum is  i o n i z e d  w h i l e  
t h e  r e m a i n i n g  c a l c i u m  i s  p r o t e i n  bound. T h e  p h y s i o l o g i c a l  
i m p o r t a n c e  o f  e x t r a c e l l u l a r  i o n i z e d  c a l c i u m  on c a r d i a c  
f u n c t i o n  was f i r s t  e s t a b l i s h e d  by McLean (19351, who 
o b s e r v e d  t h a t  t h e  a m p l i t u d e  o f  c o n t r a c t i o n  o f  t h e  i s o l a t e d  
f r o g  heart was p r o  o r t i o n a l  t o  t h e  i o n i z e d  f r a c t i o n  o f  

t h e  p r e s e r v a t i o n  o f  s k e l e t a l  s t r u c t u r e ,  musc le  f u n c t i o n ,  
a c t i v a t i o n  o f  s e v e r a l  enzymes, b lood  c o a g u l a t i o n ,  and 
t r a n s m i s s i o n  of n e r v e  i m p u l s e s  ( 1 4 ) .  

c a l c i u m  i n  serum ( P 5 ) .  Calcium i o n s  are  a l s o  e s s e n t i a l  f o r  

S e v e r a l  s t u d i e s  have shown t h a t  d i e t a r y  c a l c i u m  i s  
i n v e r s e l y  re la ted t o  b lood  p r e s s u r e .  I n  one s t u d y ,  57 
s u b j e c t s  who r e c e i v e d  one-gram s u p p l e m e n t s  o f  e l e m e n t a l  
c a l c i u m  d a i l y  f o r  22 weeks e x p e r i e n c e d  a s i g n i f i c a n t  
decrease i n  d i a s t o l i c  b lood  p r e s s u r e  ( 3 ) .  I n  a n o t h e r  s t u d y  
h y p e r t e n s i v e  i n d i v i d u a l s  were found t o  consume 
s i g n i f i c a n t l y  less c a l c i u m  i n  t h e i r  d i e t s  t h a n  t h e i r  
n o r m o t e n s i v e  c o u n t e r p a r t s  ( 2 0 )  
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T h e  pu rpose  o f  t h i s  s t u d y  was t o  e v a l u a t e  r e l a t i o n s h i p s  
between seriitn i o n i z e d  calcj.um l e v e l s  and o t h e r  r i s k  f a c t o r s  
f o r  CHD i n  a suhsct of KSC employees.  

METHODS 

Kighty-sever1 tmployees  of' t h e  KSC,  50 men and 37 women aged 
43.6 + 11.3 ( S . D . )  y e a r s ,  p a r t i c i p a t e d  i n  t h i s  s t u d y .  E a c h  
s u b j e c t  v i s €  t a l  t h e  Biomedical Labora to ry  i n  t h e  morning.  
S u b j e c t s  were a s k e d  t o  r e f r a i n  from e a t i n g  and d r i n k i n g  
( i n c l u d i n g  a l c o h o l )  twelve  hours  p r i o r  t o  t h e i r  v i s i t .  

QualiPied l a b o r a t o r y  p e r s o n n e l  i n t e r v i e w e d  t h e  s u b j e c t s ,  
arid t h e  answeids t o  c e r t a l n  p e r t i n e n t  q u e s t i o n s  he lped  t o  
c l a s s i f y  t h e  s u b J e c t s  i n t o  a p p r o p r i a t e  e x e r c i s e  and smoking 
g r o u p s .  According t o  t h e  p h y s i c a l  a c t i v i t y  t h a t  t h e y  
performed on a r e g u l a r  bas i s ,  t h e  s u b j e c t s  were p l a c e d  i n  
t h e  a c t i v e ,  t h e  modera t e ly  a c t i v e ,  o r  t h e  s e d e n t a r y  g roup .  
A c t i v e  s u b j e c t s  p a r t i c i p a t e d  i n  r e g u l a r  programmed 
a c t i v i t i e s ;  t h e y  performed s t r e n u o u s  a e r o b i c  e x e r c i s e  a t  
l e a s t  t h r e e  times per week f o r  30-minute i n t e r v a l s .  
Modera te ly  a c t i v e  s u b j e c t s  p a r t i c i p a t e d  i n  o c c a s i o n a l  
p h y s i c a l  a c t i v i t i e s  w h l c h  were g e n e r a l l y  n o t  c o n s i d e r e d  
a e r o b i c .  T h e  t y p e  of  exercise  f o r  t h e  a c t i v e  and 
moderately a c t i v e  s u b j e c t s  was r eco rded .  S e d e n t a r y  
s u b j e c t s  performed no e x e r c i s e .  

T h e  s u b j e c t s  were also c l a s s i f i e d  i n t o  t h r e e  g roups  
a c c o r d i n g  t o  c i g a r e t t e  smoking: s u b j e c t s  who smoked 
r egu la r ly ,  s u b j e c t s  who had neve r  smoked, and s u b j e c t s  who 
bad stopped smoking. S u b j e c t s  who had s topped  smoking 
t h r e e  months o r  more p r i o r  t o  t h e  time t h e y  v i s i t e d  t h e  
l a b o r a t o r y  were c o n s i d e r e d  i n  the l a t t e r  g r o u p ;  s u b j e c t s  
who stopped smoking less  thari  three months p r i o r  t o  t h e  
v i s i t  were c o n s i d e r e d  i n  t h e  smoking g roup .  

After t h e  s u b j e c t s  s a t  q u i e t l y  w i t h  unc rossed  legs  f o r  a t  
l e a s t  f i v e  minu te s ,  w i t h  the r l g h t  arm a t  t h e  l e v e l  of t h e  
r i t h t  atr i urn, blood prc-.ssure w a s  moni tored  u s i n g  a mercury 
sI,hy~:rnor?;inr,rcle t e r  . Jieart ra te  was t h e n  rnoni t o r e d  and 
r e c o r d e d ,  s r t e r  which a second blood p r e s s u r e  r e a d i n g  was 
ob  ta  Lned . 
Twer i ty- f 'our  r:iL of  blood were o b t a i n e d  froin an  a n t e c u b i t a l  
v e i n .  Wi th in  o n e  hour  of  c o l l e c t l o n ,  h e p a r l n i z e d  whole 
b lood  was ana lyzed  on a Nova I1 I o n - S e l e c t i v e  E l e c t r o d e  
A n a l j z e r  t'or i o n i z e d  calcli im. T h e  Nova I1 u t i l i z e s  d i r e c t  
po ten t io rne t ry ,  an a n a l y t l c a l  method f o r  measu r ing  
e l e c t r o l y t e s  i n  u n d l l u t e d  samples  ( 2 5 ) .  Hernoglobin was 
de te rmined  tis i n g  a Coil1 t e r  hemoglobinometer a f t e r  d i l u t i n g  
a p o r t i o n  o f  a n t l c o a g u l a t e d  blood w i t h  d i sodium 
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c t h y l e n e d i a ~ i n e t e t r a a c e t a t ~  (EDTA) and t r e a t i n g  I t  w i t h  
Zapoglobin 11, a l y s i n g  a g e n t  ( 6 ) .  
a p h o t o - e l e c t r i c  s y s t e m  coupled  w i t h  i n t e g r a t e d  c i r c u i t s  
( 5 ) .  A p o r t i o n  of blood was p l a c e d  i n  two c a p i l l a r y  t u b e s  
and spun in a c e n t r i f u k e .  Hematoc r i t  was de te rmined  u s i n g  
a m i c r o - c a p i l l a r y  reader. The DuPont A C A  I11 d i s c r e t e  
c h e m i s t r y  a n a l y z e r ,  w h i c h  uses a photometer  p r o c e s s  was 

The  hemoglobinometer I s  

used f o r  enzymat ic  a n a l y s e s  of t r i g l y c e r i d e s ,  c h o l e s t e r o l ,  
and lII>TJC ( 7 )  . 
Data were e n t e r e d  i n t o  an I B M  PCXT computer and a n a l y z e d  
us ing  S y s t a t  (z4). T h e  f o l l o w i n g  s t a t i s t i c a l  t e s t s  were 
performed : 

1. 

2. 

3. 

4 . 

5 .  

6.  

7 .  

Means mcl s t a n d a r d  d e v i a t i o n s  of all c o n t i n u o u s  
v a r i a b l e s  f o r  t h e  t o t a l  sample and all c l a s s i f i c a t i o n  
subgroups ;  

T- tes t s  of a l l  v s r i a b l e s  cornpar1nL male and female 
s iibl; r oups ; 

C o r r e l a t i o n a l  a n a l y s e s  among a l l  c o n t i n u o u s  v s r i a b l e s  
f o r  t h e  t o t a l  sample and f o r  male .and female 
subgroups ;  

One-way a n a l y s e s  of v a r i a n c e  (ANOVA'S) f o r  a l l  
c o n t i n u o u s  v s r i a b l e s  c o n t r a s t i n g  exercise  g r o u p s ,  
a l c o h o l  g roups ,  and smok ing  g roups  ; 

T e s t  of d i f f e r e n c e s  ainon,: exercise  g roup  c o r r e l a t i o n s  
of  ca lc lum i o n s  and age; 

T e s t  of differences i n  ade and ca lc ium i o n  
c o r r e l a t i o n s  between g e n d e r s ;  

C o r r e l a t i o n s  between i o n i z e d  calcilirn and age f o r  males 
a n d  females separately.  

Fleans and s t a n d a r d  d e v i a t i o n s  of' a l l  c o n t i n u o u s  v a r i a b l e s  
a r e  r e p o r t e d  f o r  t h e  t o t a l  sample ( T a b l e  1)  and f o r  t h e  
inale and female subgroups  ( T a b l e  2 ) .  The men had lower 
HDLC v a l u e s ,  h l g h e r  t r i g l y c e r i d e  values, h i g h e r  b lood  
p r e s s u r e  v a l u e s  and h i g h e r  hemoglobin and hematocrit  v a l u e s  
t h a n  t h e  women. Mean age of male and fernale subgroups  were 
made cornlaenstirate w i t h  each c ) t h e r  by s u b j e c t  s e l e c t i o n .  
T h e  n o n s i g n i f i c a n t  age d i f f e r e n c e  f o r  gende r s  was a 
c o n f i r m a t i o n  of t h i s  s t r a t e g y .  

S i g n i f t c a n t  c o r r e l a t i o n s  among c o n t i n u o u s  v a r i a b l e s  are 
l i s t e d  i n  'Table 3. 
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The  p o p u l a t i o n  breakdown f o r  e x e r c i s e  and c i g a r e t t e  smoking 
i s  p r e s e n t e d  i n  T a b l e  4 .  

S i g n i f i c a n t  ANOVAs were o b t a i n e d  f o r  t o t a l  c h o l e s t e r o l  and 
t r i g l y c e r i d e s  when c o n t r a s t i n g  e x e r c i s e  g r o u p s  ( T a b l e  5 ) ;  
no s i g n i f i c a n t  ANOVAs were o b t a i n e d  when c o n t r a s t i n g  
c i g a r e t t e  smoking g r o u p s .  

T h e  r e g r e s s i o n  o f  c a l c i u m  i o n s  on age was s i g n i f i c a n t  f o r  
t h e  s e d e n t a r y  and a c t i v e  groups, b:it n o t  f o r  t h e  m o d e r a t e l y  
a c t i v e  g roup .  For s e d e n t a r y  s u b j e c t s ,  a n  i n c r e a s e  i n  age 
o f  one  y e a r  was on t h e  a v e r a g e  a s s o c i a t e d  w i t h  a n  i n c r e a s e  
of 0.017 mg/dl of i o n i z e d  ca l c ium ( F i g u r e  1 ) ;  f o r  
modera t e ly  a c t i v e  s u b j e c t s  a one-year  i n c r e a s e  i n  age was 
a s s o c i a t e d  w i t h  a 0.004 mg/dl d e c r e a s e  i n  i o n i z e d  c a l c i u m  
( F i g u r e  2 ) ;  w h i l e  f o r  a c t i v e  s u b j e c t s  a one-year  i n c r e a s e  
was a s s o c i a t e d  w i t h  a 0.006 mg/dl d e c r e a s e  i n  i o n i z e d  
ca l c ium ( F i g u r e  3). S i g n i f i c a n t  d i f f e r e n c e s  between t h e  
c o r r e l a t i o n s  of a g e  a n d  i o n i z e d  c a l c i u m  e x i s t  between t h e  
modera t e ly  a c t i v e  group and t h e  s e d e n t a r y  g r o u p  ( z  = 
-2.856) and between t h e  a c t i v e  g roup  and t h e  s e d e n t a r y  
g roup  ( z  = -4.263). T h e r e  were no d i t ’ f e rences  i n  
c o r r e l a t i o n s  o f  these  v a r i a b l e s  between t h e  male and female 
subgroups ;  and s e p a r a t e  c o r r e l a t i o n s  between i o n i z e d  
c a l c i u m  and age f o r  men and women were n o t  s i g n i f i c a n t  
(men, p=O.18; women, p=O.39). 

DISCUSSION 

I n  t h i s  s t u d y ,  w e  have conf i rmed i n  a g roup  o f  K S C  
employees some well-known r e l a t i o n s h i p s  c o n c e r n i n g  CHD r i s k  
f a c t o r s .  T h e s e  data  have s p e c i a l  s i g n i f i c a n c e ,  s i n c e  i t  
has  been r e p o r t e d  t h a t  KSC employees a re  a t  a greater  r i s k  
of  co rona ry  hea r t  disease t h a n  t h e  average p o p u l a t i o n  i n  
t h e  U n i t e d  States  ( 2 3 ) .  We have a l s o  r e v e a l e d  some new 
r e l a t i o n s h i p s  c o n c e r n i n g  serum i o n i z e d  ca l c ium and p h y s i c a l  
a c t i v i t y  l e v e l .  

Men have e e n  r e p o r t e d  t o  b e  a t  a h i g h e r  r i s k  f o r  CHD t h a n  
women ( 2 , B , 1 1 ) ,  and t h i s  r e l a t i o n s h i p  a p p e a r s  t o  ho ld  f o r  
o u r  s u b J e c t  p o p u l a t i o n .  High d e n s i t y  l i p o p r o t e i n  
c h o l e s t e r o l  i s  i n v e r s e l y  related t o  CHD r i s k  (I2), and i n  
t h i s  g roup  o f  KSC employees t h e  men had  s i g n i f i c a n t l y  lower 
l e v e l s  of HDLC t h a n  t h e  women. T h e  men a l s o  had h i g h e r  
v a l u e s  o f  t r i g l y c e r i d e s  and h i g h e r  b lood  p r e s s u r e  v a l u e s  
than  t h e  women. Our r e s u l t s  are also i n  agreement  w i t h  
r e p o r t s  t h a t  men have h i g h e r  hemoglobin and h e m a t o c r i t  
v a l u e s  (15). 

O f  t h e  c o r r e l a t i o n s  among v a r i a b l e s  i n  t h i s  s t u d y  ( T a b l e  
3 ) ,  s e v e r a l  were p r e d i c t e d ,  and o u r  d a t a  c o n f i r m  o t h e r  
s t u d i e s :  c h o l e s t e r o l  w i t h  t r i g l y c e r i d e s ,  HDLC w i t h  
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t r i g l y c e r i d e s ,  s y s t o l i c  blood p r e s s u r e  w i t h  d i a s t o l i c  blood 
pressure,  and hemoglobin w i t h  hematocri t .  O the r  
s i g n i f ’ l c a n t  c o r r e l a t i o n s  among v a r i a b l e s  were n o t  e x p e c t e d  
and may p r o v i d e  t h e  basis f o r  f u t u r e  r e s e a r c h :  hemoglobin 
w i t h  HDLC, hemoglobin w i t h  t r i g l y c e r i d e s ,  h e m a t o c r i t  w i t h  
t o t a l  ca lc ium,  hematocr i t  w i t h  HDLC, and h e m a t o c r i t  w i t h  
t r i g l y c e r i d e s .  

S e v e r a l  s t u d i e s  have i n d i c a t e d  t h a t  d i e t a r y  a l c i u m  i n t a k e  

i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  between blood ca l c ium l e v e l s  
and blood p r e s s u r e  by c o r r e l a t i o n a l  a n a l y s i s  and found t h a t  
blood p r e s s u r e  was n o t  s i g n i f i c a n t l y  related t o  e i t h e r  
t o t a l  ca lc ium o r  i o n i z e d  ca lc lum I n  o u r  s u b j e c t  p o p u l a t i o n .  

i s  i n v e r s e l y  related t o  blood p r e s s u r e  ( 17 , 18 , 19 , 2 0 ) .  We 

The  f a i l u r e  t o  f i n d  s i g n i f i c a n t  c o r r e l a t i o n s  between 
c iga re t t e  smoking and t h e  o t h e r  r i s k  fac tors  s t u d i e d  i n  
t h i s  p o p u l a t i o n  may be due t o  t h e  r e l a t i v e l y  small s i z e  of 
o u r  sample.  

W i t h  regard t o  a c t i v i t y  level, our f i n d i n g s  t h a t  
c h o l e s t e r o l  and t r i g l y c e r i d e s  d i f f e r e d  s i g n i f i c a n t l y  among 
g roups  is  i n  agreement  w i t h  t h e  p u b l i s h e d  l i t e r a t u r e  ( 2 7 ) .  
However, t h e  e x e r c i s e - r e l a t e d  e l e v a t i o n s  i n  HDLC which have 
been suggested by  o t h e r  s t u d i e s  ( 8 , 1 3 )  were n o t  shown i n  
t h i s  s t u d y  ( T a b l e  5 ) .  

O u r  major new f i n d i n g  r e l a t e s  t o  t h e  r e l a t i o n s h i p  of serum 
i o n i z e d  ca lc lum w i t h  age and e x e r c i s e  l e v e l s .  Serum 
I o n i z e d  ca l c ium was n o t  re la ted  t o  exercise l e v e l  as 
examined by a one-way a n a l y s i s  of v a r i a n c e .  However, t h e  
r e l a t i o n s h i p  between i o n i z e d  ca l c ium and age was 
s i g n i f i c a n t l y  d i f f e r e n t  a c r o s s  the exerc ise  c a t e g o r i e s .  
Thus,  t h e  l e v e l  of i o n i z e d  ca l c ium w i t h i n  an e x e r c i s e  
c a t e g o r y  a p p e a r s  t o  depend upon t h e  age of t h e  s u b j e c t .  
The i n c r e a s e  i n  serum i o n l z e d  ca l c ium w i t h  age i n  t h e  
s e d e n t a r y  g roup  cou ld  r e s u l t  from i n c r e a s e d  bone 
d e m i n e r a l i z a t i o n  w i t h  o l d e r  age. T h i s  e f f e c t  was n o t  s e e n  
in t h e  g roups  w h i c h  performed some e x e r c i s e  and may have 
been r e v e r s e d .  Because of t h e  age-related bone l o s s  i n  
women due  t o  o s t e o p o r o s i s  ( l o ) ,  we t e s t e d  o u r  data  f o r  
gende r  d i t ’ f e rences  i n  t h e  r e l a t i o n s h i p  between age and 
ca lc lum ion ,  b u t  no d i f f e r e n c e s  were r e v e a l e d .  

F u r t h e r  i n v e s t i g a t i o n  must  be u n d e r t a k e n  t o  f u l l y  
u n d e r s t a n d  t h e  i m p l i c a t i o n s  of t h e  d a t a  and t o  o b t a i n  
h e a l t h  b e n e f i t s  from them.  

I n  summary, w e  have i d e n t i f i e d  a r e l a t i o n s h i p  between 
exercise l e v e l ,  b lood  i o n i z e d  ca l c ium l e v e l ,  and age. We 
do n o t  know w h e t h e r  t h i s  r e l a t i o n s h i p  i s  s i g n i f i c a n t  t o  
r i s k  of CHD, o r  whether  i t  may be s i g n i f i c a n t  t o  t h e  
r e l a t i o n s h i p  between age and bone d e m i n e r a l i z a t i o n .  
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TABLE 1 

! VARIABLES FOR TOTAL COHORT 

I VARIABLES 

AGE 

IONIZED CALCIUM 

CALCIUM 

CHOLESTEROL 

W L C  

T R I G L Y C E H I D E S  

HEMOGLOBIN 

HEMATOCRIT 

SYSTOLIC BLOOD PRESSIJRE 

DIASTOLIC BLOOD PRESSURE 

MEAN - UNITS 

43.6 

4.7 

9.1 

201.0 

48 .4  

104.0 

14 .3  

41.9 

115.0 

78.4 

STANDARD 
DEVIATION 

11.3 

0.2 

0.3 

35.9 

17.0 

74.5 

1.2 

3.0 

13.0 

8 . 3  
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TABLE 2 

VARIABLES BY GENDER 

VARIABLES 

WOMEN 

STANDAHD 
UNIT MEAN DEVI AT I ON - 

- . AGE Year 41.2 11.3 

IONIZED CALCIUM m g / d l  4.8 0.2 

CALCIUM m g / d l  9.1 0.3 

C H OLE S T E H 0 L m g / d l  192.0 30.7 

HDLC * m g / d l  60.1 17.0 

TRIGLYCERIDES * mg/dl 80.2 69.9 

HEMOGLOBIN * g / d l  13.2 0.7 

HEMATOCRIT * % 3994 1.8 

SYSTOLIC BLOOD mHeS 109.0 11.9 
PRESSURE * 

DIASTOLIC BLOOD r n l  Hg 74.2 6.8 
PRESSURE * 

* WOMEN AND MEN DIFFER p < 0.05, t - t e s t  

MEN - 
STANDAHD 

MEAN DEVIATION 

45.2 

4.8 

9.1 

206.0 

39.6 

121.0 

15 .1  

43.8 

119.0 

11.1 

0.2 

0 - 3  

38.4 

10.7 

73.4 

0.9 

2.3 

12.3 

81.5 8.1 
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TABLE 3 

SIGNIFICANT CORRELATIONS BETWEEN CONTINUOUS VARIABLES 
FOH TOTAL COHORT 

, 
CALCIUM/IONIZED CALCIUM 

AGE/CHOLESTEROL 

r P 

0.28769 0.00836 
- 

0.22461 0.04121 

I TRYIGLYCEHIDES/CHOLESTEROL 0.33248 0.00213 

‘I% IGLYCEHIDES/HDLC 

SYSTOLIC BLOOD PRESSURE/AGE 

-0.53608 0.00000 

0.35137 0.00113 

DIASTOLIC BLOOD PHESSURE/HDLC -0,32686 0.00256 

DIASTOLIC BLOOD PRESSURE/TRIULYCERIDES 0.27416 0.01214 

DIASTOLIC BLOOD PRESSURE/SYSTOLIC BLOOD PRESSURE 0.61997 0.00000 

HEMOGLOBI N/HDLC 

HEMOGLOBIN/TRYGLICERIDES 

-0.59094 0.00000 

0.39192 0.00025 

, HEMOGLOBIN/DIASTOLIC BLOOD PRESSURE 0.32123 0.00307 

HEMATOCH IT/ C ALC I Ubl 

HEMATOCHIT/HDLC 

0.27116 0.01316 

-0.41668 0.00009 

HEMATOCHIT/DIASTOLIC BLOOD PRESSURE 0.29223 0.00735 

HEMATOCHIT/ HEMOGLOBIN 0.91318 o.ooooo 



TABLE 4 

POPULATION BREAKDOWN FOR EXERCISE A N D  S M O K I N G  GROUPS 

PHYSICAL ACTIVITY GROUP 
* 

0 WOMEN ME; r i  

ACTIVE 13 18 

MODERATELY ACTIVE 11 23 

SED E NT A R Y 13 9 

CIGARETTE S M O K I N G  GROUP 

YES 

NO 

STOPPED 

WOMEN MEN 

8 9 

17 28 

12  13  

TOTAL 

31 

34 

22 

TOTAL 

17 

45 

25 
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TABLE 5 

CHOLESTEROL, TRIGLYCERIDES, AND HDLC ACROSS RXEHCISE GROUPS 

CHOLESTEROL* TRIGLYCERIDES* HDLC c 

EXERCISE GROUP - n - MEAN _. S D  MEAN - S D  - MEAN - SD 
\ 

ACTIVE 31 1 8 9 . 3  34.8 82.6 47.6 48.9 14.5 

MODERATELY ACTIVE 34 203.9 33-5 110.7 72.9 45.3 17.1 

SEDENTARY 2% 211.5 38.0 124.6 99.7 52.5 20.0 

* = SIGNIVICANT DIFFERENCE BETWEEN EXERCISE LEVELS AT ALPHA = 0.05 

S D =  STANDARD DEVIATION 
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